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Electrochemical sensor for analysis of analytes in liquids 



This invention, relates generally to ths 
analysis of analytes in fluid samples, and in a 
particular aspect provides an electrochemical 
sensor for use in such analyses. 

it is known to assay biofogical fluid samples 5 
such as whole blood, plasma, or serum, for a 
plurality of different analytes therein. Generally, 
such testing has been carried out by 
continuous-flow systems such as those shown 
in the U.S. Patent NOs. US— A — 2,797,1 49, 10 
3,241.432, 3,479,141 and 3,518,009. Also, 
chemical testing of ionic analytes has been 
performed in an automated fashion using thin 
films of material, such as is shown in U.S. 
Patent No. US — A — 4,053,381/ , 5 

In order to perform blood testing, a great 
number and variety of tests have to be made. 
This requires many electrochemical cells of 
different structures and chemistries. Rapid and 
cost-effective methods of analysis require a 20 
simultaneous analysis of all the analytes in a 
fluid sample. Emphasis must also be directed to 
reduction of the sample size, preferably to a few 
drops or less of blood to minimise demands on 
the subject, e.g. in the case of infants. 25 

A device that suggests an integrated circuit 
approach for the testing of a variety of bfood 
analytes in a sample is shown in U.S. Patent No. 
US — A — 4,020,830. This device features an 
integrated array of field effect transistors (FETs), 30 
each designed as a discrete sensor. While this is 
a valid approach to the automated testing of 
blood samples, certain shortcomings are 
inherent in this technique: 

(a) Only ion-selective FETs have been 3S 
successfully and reliably demonstrated. When 
designed to measure non-ionic analytes, the 

FET structure becomes very complex, because 
an additional electrochemical cell must be 
placed at the gate electrode of the FET to 40 
influence the measured drain current. This 
measurement, however, requires a constant 
current source in addition to the cell FET and 
external reference electrode. 

(b) Instability in any complement will 45 
naturally cause fluctuations in the drain current, 

and, hence, errors in the measurement of the 
anaiyte. In addition, the proposed enzyme and 
immuno FETs have polymer layers, where 
concurrent processes such as adsorption and so 
ionic double layer capacitance changes can 
affect the electric field at the gate of the FETs. 
Extraneous electric fields are also produced at 
the fringes of the gate area. These effects will 
likewise cause errors in the analysis of the 55 
analytes. 

(c) The need for an external reference 
electrode when measuring non-ionic analytes 
complicates the integration of a FET array. 

. (d) FETs will only detect a charged molecule, » 
i.e. an ion. Non-charged analytes do not 
influence the gate voltage in an interference- 



free manner. Hence, analytes which can be 
successfully analysed are limited. 

However, the semiconductor fabrication 
technology is so advanced that very precise 
miniature devices can be easily and cheaply 
manufactured. Furthermore, precedence has 
been established for superior stability, 
reproducibility and sensitivity. Hence, in various 
aspects of the present invention, we seek to 
combine the best attributes of two technologies 
(electrochemistry and semiconductors) to 
achieve integration of sensors without the 
drawbacks and limitations of the FET approach. 

One particular problem associated with the 
use of FETs is that in paragraph (c) above, 
namely the necessity for an external reference 
electrode. According to the present invention, 
we have devised an electrochemical sensor 
which does not require an external reference 
electrode since it has a built-in calibration 
device. 

In U.S. patent No. US — A — 4053381, certain 
electrochemical sensors in the form of ion- 
selective electrodes are described which consist 
of a pair of identical electrodes mounted in 
spaced relationships, each electrode comprising 
a layer of permeable material which contains 
the same species as is to be measured, and 
which (in each electrode) is accessible to an 
externafly applied liquid. In use, a drop of the 
liquid sample to be analysed Is placed in contact 
with one electrode, and a drop of standard 
reference solution is placed in contact with the 
other (identical) electrode, and from signals 
produced a measure of the species to be 
assayed in the liquid sample is obtained. 

We have now devised an electrochemical 
sensor which does not require the use of an 
externally applied reference liquid. 

The present invention provides an elec- 
trochemical sensor for use in the analysis of 
an anaiyte in a liquid sample, the sensor 
comprising at least a first and second electrode 
and means for mounting the said electrodes in 
spaced relationship, the first electrode being 
electrically connected with a first layer of 
permeable material which contains a given 
concentration of the species to be measured, 
and the second electrode being electrically 
connected with a second layer of permeable 
material which is accessible to the species to be 
measured as derived from the liquid sample, 
characterised in that the second layer is either 
free from the said species or contains a 
concentration thereof different from that in the 
first layer. 

The invention also provides apparatus for 
simultaneously analysing a multiplicity of 
analytes in a fluid sample, the apparatus 
comprising an array of discrete, electrically 
isolated electrochemical sensors for analysing 
different a*nalytes ; all the sensors being 
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supported on a common substrate, and 
electrical circuitry for obtaining the signal(s) 
from each sensor, characterised in that at least 
one of the sensors is as defined above. 

The invention further provides apparatus for $ 
use in analysing a multiplicity of analytes in a 
fluid sample, comprising a plurality of discrete, 
electrically isolated sensors of the invention 
adapted to receive reaction products, said 
sensors being supported on a common J0 
substrate, each of said sensors being specific to 
a particular reaction product, characterised by a 
reaction ceil for selectively reacting particular 
constituents in a liquid sample to form said 
reaction products with each of said /5 
constituents. 

The array of discrete, electrically isoiated 
sensors may include, in addition to sensors of 
the invention, sensors of other different 
constructions. 2 o 

Electrochemical sensors of the invention, op- 
tionally together with other electrochemical sensors 
not according to the invention can conveniently 
be assembled as a micro-miniaturised, multi- 
functional, electro-chemical, integrated circuit 2 s 
chip for analysing concurrently a plurality of 
analytes in a minimal sample volume. The 
circuit chip comprises a substrate supporting a 
plurality of individual sensors arranged in a 
dense but discrete relationship to form an 30 
integrated array. Unlike integrated sensors 
arrays of the prior art, which provide a single 
common reference electrode, the present 
invention appreciates that a more reliable 
analysis results when an electro-chemical 3S 
sensor has its own reference electrode. 
Normally, it would be expected that the use of 
separate reference electrodes for each sensor is 
an unnecessary duplication of components. 
The present invention, however, achieves this 40 
result while providing a more compact chip, 
which is of relatively simple fabrication. 

The circuit chips may be a combination of 
any one or more of three types of electro- 
chemical cells: (a) a current measuring cell; (b) a 45 
potential measuring "cell; or (c) a kinetic rate 
measuring cell. Some of the electro-chemical 
sensors will be lon-selective and adapted to 
measure ions, such as Na-f or K-h, 
potentiometrically. Other sensors may be 50 
adapted to measure a redox reaction for the. 
detection of glucose; LDH, etc., by 
amperometric/voltammetric methods. 

A small, hand-held computer is used to 
analyse, or "read out", and display the 55 
measurements of each of a plurality of analytes 
in the fluid sample. 

Each electro-chemical sensor is selective 
with respect to only one analyte. For example, 
such selectivity may be achieved by providing so 
each sensor with a first porous medium or gel 
layer containing an immobilised enzyme, 
specific for only one analyte in the sample. The 
first porous layer is combined, in some cases, 
with a second porous filtering layer to 65 



selectively screen the fluid sample for a 
particular analyte. In other cases, the first 
porous layer functions as a filter to extract the 
desired analyte from the fluid sample. The first 
porous layer may also contain a substance to 
extract the particular analyte and/or make the 
analyte more soluble in the. porous medium, 
such that the analyte will prefer the porous 
medium to that of the fluid sample. 

A barrier or encapsulating layer may be 
provided for the circuit chip to preserve its shelf- 
life and to protect against environmental or 
external contamination. In one embodiment, the 
encapsulating layer can comprise a tear-away, 
impermeable envelope or mantle. In another 
embodiment, the barrier layer can comprise a 
semipermeable filter layer for preventing 
contamination and for removing high molecular 
weight molecules or other particles that may 
interfere with the chemical analyses of the fluid 
sample, e.g. red cells in whole blood. 

The integrated chip can be typically 
fabricated, as follows: 

(a) a substrate is formed by press-forming a 
material such as powdered alumina with 
appropriate thru-holes and imprints for the 
electro-chemical circuit; the pressed alumina 
powder is then fired; 

(b) the thru-holes are then filled with 
conductive material, e.g. pyrolytic carbon; 

(c) on the back-side of the substrate, a wiring 
pattern Is deposited using conventional photo- 
resist etching techniques; 

(d) on the front-side of the substrate, a 
pattern of sensor wells is formed by conven- 
tional photoresist etching techniques; 

(e) with a series of masks, the appropriate 
layers for each sensor are built up. These layers 
may comprise polymers or gels including 
appropriate reagents, i.e. enzymes, and other 
appropriate substances; 

(f) the entire chip is then protected by a 
coating of epoxy or thermoplastic, with the 
exception of the sample contact area of the 
sensors; 

(g) a protective barrier is then placed over the 
sensors. 

Generally speaking the sensor of this 
invention features the following advantages 
over the prior art: 

(a) The circuit chip is intended as a 
disposable device, and, therefore, does not 
suffer from "prior sample memory" problems 
associated with prior art electro-chemical 
sensors. 

(b) The electro-chemical sensors of the 
invention include a self-contained calibrating 
solution to stabilise their particular chemical 
activity. The calibrating solution contains a 
known quantity of analyte (or species to be 
measured) and may be impregnated in one. of 
the porous layers of the electro-chemical 
sensor, which is adapted to minimise capaci- 
tive and impedance effects, and eliminates the 
need of calibrating each test in every sample. 
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For example, in the measurement of potassium, 
two identical potassium sensing electrodes are 
incorporated in a single sensor structure and 
used in a differencial mode in such a way that 
external reference electrodes are not required. 5 
The layer of the sensor contacting the sample 
and associated with the sample sensing 
efectrode contains a low concentration of 
potassium ion (e.g. 1.0 mEqA.). The layer 
associated with the other electrode, which is fo 
not in contact with the sample, contains a high 
concentration of potassium ion (e.g., 5.0 
mEqA). The difference In potassium ion 
concentration allows calibration of the sensor 
for sensitivity prior to sample introduction while 75 
the differential EMF measurement procedure 
minimises signal drift during sample measure- 
ment. 

In a sensor for the measurement of BUN 
(blood urea nitrogen), as another example, 20 
appropriate layers are similarly impregnated 
with high and low concentrations of the species 
NH 4 +. Additional NH 4 + generated by the 
urease-gel layer results in a change in the 
differential signal. The self-calibrating sensors 25 
also provide ease of fabrication of the circuit clip 
by . reducing the manufacturing tolerances 
required for the ge! layers and electrode 
structures, because electrodes realistically can 
never be perfectly matched. 30 

(c) The self-contained integrated structure of 
electro-chemical sensors disposed and inter- 
connected on a common substrate eliminates 
effects common to other multiple-sensor 
arrangements, such as liquid junction effects 35 
electrolyte streaming effects and electro-kinetic 
phenomen. fri addition such structure is more 
compact and easily fabricated. 

(d) The barrier layer or encapsulation ensures 

that the circuit chip can have an extended shelf- 40 
life by preventing environmental and external 
contamination. 

(e) Signal-to-noise characteristics are 
improved, as noise sources can be eliminated. 

(f) Chemical noise is minimised by confining 45 
substances to polymer or gel layers. 

(g) Thermal and mass transport gradients are 
minimised by the commonality of substrates, 
construction materials, and the miniaturisation 

of the sensing elements. so 

(h) Each circuit chip may be made to 
interface with a small, hand-held computer, by 
means of snap-in connections thus providing on 
site analysing convenience and portability. 

(i) As stated previously a circuit chip of the 55 
invention may include, in addition to electro- 
chemical sensors of the invention, one or more 
electrochemical sensors. Of these, sensors for 
measuring enzyme analytes may feature a new 
method of analysis and a new sensor construe- 60 
tion based upon this new analysing technique, 
which comprises; 

(1) electrically generating a reactant of said 
enzyme reaction to establish a steady state 
condition for the reaction; and 65 



(2) electrically monitoring the enzyme 
reaction to control the generation of the 
reactant and establish the steady state 
condition. 

The new sensor construction capable of 
performing this new technique includes: a 
generating electrode a monitoring electrode and 
a reaction medium disposed therebetween. The 
steady state is achieved as a result of the rate of 
reagent formation and rate of depletion by the 
enzyme reaction. 

In order that the invention may be more fully 
understood, various embodiments thereof will 
now be described, by way of example only, with 
reference to the accompanying drawings, in 
which: 

FIGURE 1 is a perspective view of an 
integrate substrate supported chip of this 
invention shown with an encapsulating layer 
being removed therefrom; 

FIGURE 1a is a side view of an alternate 
encapsulating embodiment to that depicted in 
Figurel ; 

FIGURE 2 is a cut-away perspective view of 
the substrate supported chip of Figure 1 being 
deposited with a drop of blood; 

FIGURE 3 Is a perspective view of a hand- 
held analyser or computer for receipt of the 
substrate supported chip of Figure 2, and for 
analysis of the fluid deposited upon the chip; 

FIGURE 3a is a side view of Figure 3; 

FIGURE 4 is a schematic, enlarged plan view 
of the sensor array on the typical chip of Figure 

1; 

FIGURE 5 is a further enlarged cross- 
sectional view taken along lines 5 — 5 of a 
typical row of sensors of the array of sensors 
shown in Figure 4; 

FIGURE 6 is an enlarged partial schematic 
wiring diagram for. the typical row of sensors 
depicted in Figure 5; 

FIGURES 7a through 7d are further enlarged 
cross-sectional views of the typical sensors 
illustrated in Figure 5; 

FIGURE 7 a shows a typical current 
measuring cell (not a cell of the invention) with 
immobilised enzyme in a gel layer for potassium 
ion measurement; 

FIGURE 7b depicts a typical kinetic 
measuring cell (not a cell of the invention) for 
LDH measurement; 

FIGURE 7c illustrates a typical ion-selective 
cell of the invention with immobilised enzyme 
in a gel layer for potassium ion measurement; 

FIGURE 7d shows a typical potential 
measuring cell of the invention for BUN 
measurement; 

FIGURE 8 is an enlarged cut-away 
perspective view of a typical sensor assembly of 
Figure 4; 

FIGURE 8a is a perspective partial view of the 
electrode-substrate-circuit construction of 
Figure 8; 

FIGURE 9 is a schematic electrical diagram of 
a conditioning circuit for the output of the 



4 



7 



0 012 035 



8 



enzyme sensor shown in Figure 7b; 

FIGURE 10 is a schematic diagram for the 
analyser depicted in Figures 3 and 3a; 

FIGURE 10s is a more detailed schematic 
diagram for a portion of the circuit of Figure 10; 

FIGURE 11 is a schematic diagram of a 
continuous flow system for analysing a fluid 
using a modified chip as that illustrated in 
Figure 4; 

FIGURE 12 is a schematic diagram of a 
continuous system of using thin films to form a 
plurality of fluid analysing sensors including 
sensors of the invention; 

FIGURE 13 is an enlarged cross-sectional 
view of the films depicted in Figure 12; and 

FIGURE 14 is an enlarged plan view of the 
film shown in Figure 13. 

While the invention Is primarily directed and 
described with reference to blood analyses, it 
should be understood that a great variety of 
fluid samples can be analysed by modifying the 
sensor chemistries. 

Referring to Figures 1 and 1 a, a circuit chip 
10 for analysing a fluid sample is shown in an 
enlarged view. The chip 1 0 is disposed within a 
hand-held tray support 1 1 . The chip 1 0 and tray 
support 11 are both covered by an 
encapsulating barrier 12 that can either be in 
the form of a peel-off layer 1 2a of Figure 1, or a 
separable encapsulation envelope 1 2b of Figure 
1a. The barrier 12 may also take the form of a 
built-in semi-Impermeable layer of membrane 
12c of Figures 1a and 2. The semi-imper- 
meable membrane 12c may also act as a filter, 
for removing high molecular weight molecules 
or particles, such as red blood cells. The barrier, 
regardless of structure, excludes contaminants 
from chip 10, and thus preserves its reliability 
and shelf-life. The circuit chip 10 is composed 
of an array or plurality of spaced-apart sensors 
1 4 which consist of, or include, sensors of the 
invention. The sensors may be planar shaped or 
designed as miniature cups or wells to receive a 
drop of blood 1 3 deposited on the chip 1 0, as illus- 
trated in Figure 2. Each sensor 14 is designed 
and constructed to be specific to a particular 
analyte in the fluid blood sample 13. This is 
generally achieved by including within each 
sensor 14, an enzyme or catalyst that initiates a 
characteristic reaction^ The particular 
chemistries, reagents, materials, and construc- 
tions for each sensor 1 4 are described in more 
detail hereinafter. 

The hand-held support 1 1 for the chip 1 0 
comprises a flat base surface 1 5 and vertically 
tapered side walls 16 extending from surface 
1 5 for supporting the chip 1 0 and directing fluid 
sample 13 into wetting contact with chip 10 
and sensors 14. The side walls 16 may be 
coated with hydrophobic material and serve as 
a sample confining structure. These side walls 
1 6 define a perimeter of the chip circuit and the 
outer boundaries of liquid/chip contact 

Obviously, other designs are achievable 
within the objectives set forth above, such as, 



for example, a circular retaining well to replace 
the square-shaped well defined by walls 1 6, or 
a planar boundary wall flush with the surface of 
the chip (not shown). 

5 The tray support 11 and chip 10 are 

designed to hold a small volume of sample fluid, 
i.e., one drop or less. Thus, a finger 1 7 can be 
placed directly over the chip 1 0 and pricked so 
as to dispense a drop of blood 1 3 directly onto 

jo the chip, as illustrated in Figure 2. The blood 
drop 13 spreads over the entire chip 10, to 
simultaneously wet all sensor sites 1 4. Because 
chip 10 is miniaturised, a minimal amount of 
blood sample will coat the entire sensor surface 

15 18. 

Each electro-chemical sensor 14 has a 
different number of electrodes 22 (Figures 5, 8 
and 8a) depending upon whether its chemical 
reaction is measureable as a kinetic rate, a 

20 current change or a potential change. The 
electrodes 22 of each sensor 14 are deposited 
upon a common substrate 20 of the chip 10, as 
shown in Figures 7a — Id, 8 and 8a, so as to 
provide a compact and easily fabricated 

25 structure. An interconnection circuit 24 is 
deposited on the opposite side of the common 
substrate 20 to which all the electrodes 22 are. 
electrically connected as illustrated in Figures 8 
arid 8a. The use of two surfaces of a common 

30 substrate 20 for all the electrodes 22 of each 
sensor 14 and the signal receiving wires 25 of 
circuit 24 (Figure 8a) provide a self-contained, 
integrated array of sensors 14 unique to chip 
constructions of this type. 

35 Figure 4 shows a greatly enlarged schematic 

plan view of a chip 1 0 having a typical sensor 
array. Sixteen sensor sites 14 are depicted, by 
way of illustration. Each sensor 1 4 may be. sym- 
metrically spaced-apart from the other sensors 

40 14, but this symmetry is not of a functional 
necessity. Each sensor 14 has a group of elec- 
trical interconnectors 25 (Figures 4 and 8a) 
forming part of the interconnection circuit 24. 
The number of interconnections 25a, 25b, 25c, 

45 25d, etc. for each sensor 14 in a typical sensor 
row, as shown in Figure 6, depends upon the 
type of sensor 14a, 146, 14c and 14^, (Figures 
5 and 6), respectively, being interconnected, as 
will be described in more detail hereinafter. 

so The interconnectors 25 each terminate in an 

electrical connection 27 projecting from the end 
26 of chip 10 (Figures 1, 3 and 4), which is 
adapted to mate with a snap-in electrical 
connector 28 disposed in slot 29 of an 

55 analysing device 30. The connection 27 of chip 
10 overhangs the tray 11, as illustrated, and 
includes a slot 31 for keying into connector 28 
of analyser 30. 

The analysing device 30 (Figures 3 and 3a) 

60 receives the electrical inputs from each sensor 
14 on chip 10 via the snap-in connector 28. 
Analysing device 30 may be . a hand-held 
computer, with a keyboard 32 and a display 
33. A print-out 34 may also be provided, as 

6 $ shown. Certain keys 35 of keyboard 32, when 
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depressed, interrogate a particular sensor 14 of 
chip 10. Other keys 35 are adapted to initiate a 
programmed sequence, such as a test grouping, 
system calibration, sensor calibration, etc. The 
analysis of the blood sample 13 for a particular 
analyte is initiated by depression of a selected 
key 35 and the result is displayed in display 
window 33. The signal processing by the 
analysis device 30 is explained hereinafter with 
reference to Figures 9, 10 and 10a. 

Referring to Figure 8, a perspective cutaway 
view of a typical sensor site is shown. First, 
substrate 20 is press-formed from powdered 
alumina. The appropriate thru-holes 48 for each 
sensor site 14 are defined in substrate 20. 
Horizontal surfaces 41 and 45 define a typical 
electrode area. On the bottom surface 45 of 
substrate 20, the interconnection circuit 24 is 
deposited by conventional photoresist etching 
techniques. Holes 48 are filled with electrode 
conductor material, such as pyrofytic carbon, to 
provide electrical connection between surfaces 
41 and 45 of substrate 20. The deposition of 
the pyrolytic carbon is conventionally effected 
by an appropriate masking technique. 

Interconnection circuit 24, containing 
conductors 25 for connecting electrodes 22 in 
each sensor site 1 4, is formed over surface 45 
of substrate 20. A thin coat 46 of epoxy is fayed 
over surface 45 to protect the interconnection 
circuit 24. 

On the upper surface 41, a -layer 50 of 
thermoplastic material is then deposited to form 
the necessary well-shaped sensor sites 14, as 
defined by surfaces 16, 40, 42 and 43. In some 
cases, (Figure 76) sensor construction requires 
photoresist layers 44 prior to the thermoplastic 
well formation. . 

Next, the chemical layers are formed at each 
sensor site 14 by depositing layers 51, 52, 53, 
54, etc. After layers 51, 52, 53, 54, etc. have 
been deposited, the chip 10, with the exception 
of the contact area 18 defined by borders 60 
(Figures 1a and 2), is coated with an epoxy or 
thermoplastic layer 126 defining a support tray 
11. A protective semi-permeable barrier layer 
12c is then deposited over the blood contact 
area 1 8. If desired, the entire chip 1 0 and tray 
1 1 may be overlayed with the aforementioned 
tear-away impermeable layer 1 2a of Figure 1 , or 
the encapsulation envelope 126 of Figure 1a. 

Now referring to Figures 5, 6 and 7a through 
Id. a typical row of sensors 14a, 146, 14c and 
14tf are respectively illustrated to describe four 
different basic sensor electro-chemistries. Each 
of the sensors 14a, 146, 14c and 14c/ have 
electro-chemistries which will apply to the other 
similar sensors upon chip 10 and with respect 
to other contemplated analytes being assayed. 

The sensor 1 4a is not a sensor of the 
invention. Its construction provides for 
measuring glucose (GLU) in the blood sample. 
The glucose in the blood will permeate and filter 
through the barrier layer 12c and a further 
cellulose filtering layer 70, respectively, and 
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then diffuse into a polymer or gel layer 71a 
containing the enzyme glucose oxidase. Hydrogen 
peroxide is produced in layer 71a from the 
enryme-eataiysed oxidation of glucose within the 
5 polymer layer. The hydrogen peroxide diffuses 
through layer 71a to the surface 22a of 
electrode 72a. The concentration of hydrogen 
peroxide is monitored by measuring the anodic 
current produced at electrode 72a by the 
10 eiectrooxidation of hydrogen peroxide at -*-0.7 
volts vs. silver/silver chloride reference 
electrode as applied at electrodes 72b vs. 72c 
and 72a vs. 72c. Alternatively, the total anodic 
charge may be measured. Layer 716 is similar 

j 5 to layer 71a, but does not contain the enzyme 
glucose oxidase. Therefore, as glucose diffuses 
through layers 12c and 70 into layer 716, no 
reaction will be monitored at electrode surface 
226 of electrode 726. This electrode 726 acts 

20 as an error correcting electrode. The signal from 
electrode surface 226 will be subtracted from 
the signal of electrode surface 22a by 
differential measurement to eliminate other 
oxidisabie interferences in the blood sample. 

25 The reference electrode 72c extends in an 

annular fashion {shown only in cross-section 
here) about electrodes 72a and 726. Thus, the 
surface 22c of electrode 72c is made much 
larger in area than electrode surfaces 22a and 

30 22b. in order to maintain voltage stability during 
measurement (during current flow). Electrode 
72c supports the current flow of sensor 1 4a. 
The formal potential of the electrode 72c is 
maintained by annular layer 71c (also only 

35 shown here in cross-section), which comprises 
a CI containing polymer or gel (Ag/AgCi with 
CI ). The reference electrode 72c is the 
Ag/AgCI electrode couple. The respective 
electrodes 72a and 726 are composed of 

40 carbon and are. connected electrically to 
respective wires 25. The annular reference 
electrode 72c may contain carbon or Ag. 

Sensor 146 of Figure 76 is not according to 
the invention. It is designed to measure LDH in 

45 the blood sample. The chemistries used for 
determining* LDH, as well as other enzyme 
analytes in blood requires that a kinetic rate be 
measured. In the past, kinetic rate 
measurements of this type always have required 

so the measurement of time dependent 
parameters. Therefore, two or more readings in 
time or a continuous monitoring was required to 
obtain the kinetic rate measurement. Sensor 
1 46, however, is constructed in a new way in 

55 order to make use of a new method of 
measuring kinetic rate. The new method will 
provide a virtually immediate enzyme activity 
reading. Only one reading is required, and the 
electro-chemical sensor is not subject to 

so electrode surface effects that will alter the 
calibration, nor to prior experienced changes 
in the electro-chemical nature of the gel 
composition resulting from the current flow 
during the measurement. Furthermore, the 

65 enzyme reaction does not occur until actuated 
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by a new type of current generating electrode 
of the sensor, as will be explained hereinafter. 
The sensor 146 is a more accurate, reliable, and 
convenient device for determining enzyme 
analytes requiring a kinetic rate measurement. 

The new method features controlling the 
concentration of the reactants in the following 
LDH related enzyme reaction for a given time 
interval: 



NAD+ + Lactace NADH + Pyruvate + H* 

When the reactants are controlled, a steady 
state condition will apply for this extended fS 
period of time. During this steady state 
condition, a single measurement of the kinetic 
rate of the enzyme reaction will determine the 
activity of the LDh enzyme. Obviously, only a 
single measurement need be made because 2 o 
there will be no change in kinetic rate with time 
(steady state). The formation of the NAD+ is 
kept at a very high level to maintain maximum 
rate and linearity of response. A pyruvate trap is 
provided to force the reaction to the right 25 
and prevent a back reaction from influencing the 
monitored forward reaction. This is accomplished 
by impregnating the enzyme reaction layer with 
a semi-carbazide, which will react with the 
pyruvate product. 30 

The LDH of the blood sample initially 
permeates the barrier layer 12c and is then 
diffused through a second barrier layer 80 of an 
electrically conductive material such as sintered 
titanium oxide, tin oxide or porous graphite. 35 
This barrier layer 80 also serves as the counter 
or auxiliary electrode of the sensor, and is 
connected to a wire 25 of circuit 24 by means 
of a current conductor 48, as aforementioned. 
The LDH next permeates to a gel layer 81 con- 40 
taining the enzyme substrate (such as lactic 
acid) and a coenzyme NADH. The NADH in this 
layer is electro-chemlcally converted to NAD-h 
by means of a generating electrode 82, which is 
carbon deposited within gel layer 81, as shown. 45 
Layer 81 also contains a semicarbazide for 
trapping the pyruvate product of the reaction. 
The electrode 82 receives predetermined 
constant current from the analysing device 30 
via a wire 25 and vertical current conductor 48. so 
The rate of formation of NAD+ will be con- 
trolled due to the predetermined constant 
current being fed to the generating electrode 
82. 

This generating rate is measurable by the 55 
monitoring electrode 84, which , is positioned 
below the reactant generating electrode 82. 
However, as the LDH of the sample diffuses 
through layer 81 into polymer layer 83, the 
NAD+ which is being generated at electrode 82 so 
will be consumed by the enzyme catalyzed 
reaction with the lactate substrate. The 
electrode 84 will now sense the rate at which 
the NAD+ is being reconverted to NADH. 
Therefore, the monitoring electrode 84 will 65 



sense the altered NAD+ generating rate. The 
altered current flow from that of the initiaJ 
NAD-h generating rate is directly proportional to 
the activity of LDH in the sample. Polymer layer 

83 also acts as a medium for the reference 
electrode of the sensor 146. All the electrodes 
80, 82, 83, and 84, respectively, are elec- 
trically connected to respective wires 25 via 
carbon conductors 48. The monitoring electrode 

84 will provide the analyser 30 with an almost 
immediate current or charge that will be a single 
measurement or reading of the kinetic rate of 
the reaction. Reference electrode 85 comprises 
a film of carbon covered by a polymer layer 85a 
which contains quinone/hydroquinone to define 
a stable redox potential. 

If the LDH or other enzyme analyte were 
measured the old way by taking several 
readings with respect to time, sensor 1 46 would 
be constructed more like sensor 14a. The new 
method of measurement, as applied to thin film 
integration, however, does not require a diffi- 
cult structure to fabricate. Yet, it provides an 
enormous advantage of obtaining a reading in 
only a few seconds required for steady state 
conditions to be achieved. This method and 
sensor construction make the integrated circuit 
approach to blood analysis more viable than any 
device previously contemplated since many 
enzymes in the blood can be easily and quickly 
analysed by this approach. This is so, because 
this method greatly simplifies the electronics 
needed to determine the kinetic rate (not time 
base required), and it is more accurate and 
reliable due to the shortened period of response 
required to accomplish this measurement. Also, 
because the reagent is generated at will, the 
device has improved shelf-life and overall 
stability, i.e., the reaction starts only when the 
system is ready to accept data. As a result, it 
does not matter whether a portion of the NADH 
in layer 81 degrades during storage because the 
generation is controlled. 

Sensor 14c illustrates a sensor construction 
of the invention for determining the K+ analyte 
in blood. After the K+ filters through the initial 
barrier layer 12c, it diffuses into a layer 90 of 
cellulose which is a permeable secondary and 
optional barrier/filter medium. The sensor 14c is 
structured as a twin electrode sensor comprised 
of two identical potassium sensing electrodes. 
The right-hand electrode 95a functions as a 
reference electrode because its potassium con- 
centration is fixed by the gel layer 91a and, 
hence, provides a fixed half-cell potential for the 
lefthand electrode 956. 

Layer 91a together with layer 916 provides 
the means for sensitivity calibration of sensor 
14c. Layers 91a and 916 each have a predeter- 
mined concentration of K+, but one which sets 
up a differential voltage signal between the two 
electrodes, e.g., layer 91a could have 5.0 
mEq/L of K+, whereas layer 916 could only 
have 1.0 mEq/L of K+ and ideally the resulting 
voltage between them should be 42 mV. but for 
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practical purposes the voltage will vary 
depending primarily on fabrication irregulari- 
ties. Hence, the twin electrodes 95a and 956 
provide a differential measurement Which 
allows actual sensitivity calibration prior to 
sample measurement and at the same time will 
nullify any drift and offsets in the measurement. 

The cellulose layer 90 filters the blood 
sample to allow only K+ ion to filter to the lower 
layers. 

Layers 12c and 90 are designed to allow 
diffusion of ions in the sample primarily into 
layer 916 where the change in voltage of 
electrode 956 yields the additional potassium 
introduced by the sample. Alternatively, the 
differences in concentrations in layers 91a and 
916, can be made so large that diffusion of 
sample potassium into layer 916 will not con- 
stitute a significant error. For example, if layer 
91a contains 0.1 mEqTL of K+ and layer 916 
contains 100 mEq/L of K+ then a 5 mEqA 
sample would result in voltage changes of 102 
mV and 1.3 mV, respectively. If uncompen- 
sated, the 1.3 mV voltage change of electrode 
956 would only constitute an assay error of 0.2 
mEqyL However, regardless of the concentra- 
tions of K+ in layers 91a and 916, an algorithm 
can be written to take into account the signal 
changes, however minute, in both electrodes 
95a and 956. From a practical stand- 
point, however, the reference side of the sensor 
should not change significantly in voltage 
relative to the other sample sensing side. 

Layer 93a directly above the reference 
electrode 95a contains ferro/ferric-cyanide to 
form a stable redox couple for electrode 95a 
and also a fixed K+ concentration to maintain a 
stable Interfacial potential between layers 93a 
and 92a. Layer 92a above layer 93a is polyvinyl 
chloride impregnated with a neutral ion carrier 
valinomycin, which is selective to potassium. 

Layers 926 and 936, respectively, are 
identical layers to their counterpart layers, 92a 
and 93a, with the exception of the reagents 
contained therein. 

The calibrating layers 91a and 916, 
respectively, may be maintained at a given or 
predetermined distance above the electrodes. 
Also, their thickness or size may be carefully 
controlled in manufacture. This will insure 
predetermined electrical characteristics such as 
capacitance and impedance for the sensor. 

Sensor 14o* depicts a sensor of the invention 
for the assay of Blood Urea Nitrogen (BUN). 

The urea assay is accomplished by the 
sensing of the ammonium ion NH 4 +. The urea 
in the blood permeates the barrier layer 12c and 



the cellulose barrier layer 100. Layer 101a 
comprises a polymer containing an immobilised 
enzyme such as urease. Within this layer 101a. 
the urea of the sample is catalytfcally hydro- 
s lysed to ammonium bicarbonate by urease. The 
NH 4 diffuses into the next layer 1 02a which is a 
polyvinyl chloride containing an antibiotic such 
as nonactin as the neutral ion carrier. The NH 4 + 
is at the interface between layers 101a and 
to 102a. The next layer 103a is a gel containing 
the electrode couple Fe(CN) A 3 -/Fe/CN) 8 4 - intro- 
duced as ammonium salts. The carbon 
electrode 105a lies below layer 103a. Electrode 
105a in contact with layer 103, serves as the 

is inner reference electrode for the NH 4 + sensor 
14tf. The Interfacial potential at the layers 
102a/103a is fixed by the ammonium ferro- 
cyanide salt concentration, and only the inter- 
facial potential of layers 101 a/1 02a will vary 

20 with sample urea concentration. 

Electrode 1056 serves to subtract inter-" 
ferences by measuring the differential of the 
potential. Layers 1016, 1026, and 1036, 
respectively, are similar to layers 101a, 102a, 

25 and 103a, except that layer 1016 does not 
contain urease as its counterpart layer 101a. 

Layers 104a and 1046 of the sensor are 
impregnated with a known or predetermined 
amount of NH 4 + to internally calibrate the 

30 sensor sensitivity and compensate for drifts. 
These layers, similar to the calibration layers in 
sensor 14c, contain high and low levels of the 
measured species (NH 4 +) or alternately the 
analyte itself (urea). 

35 These predetermined Impregnated layers in 

sensors 14c and 14d which provide self- 
calibration, not only assure built-in reliability 
and accuracy, but relax maufacturing toler- 
ances. Thus, sensor fabrication is greatly facili- 

40 tated by the built-in calibration. 

As aforementioned, many more tests will be 
performed by the other sensors in the chip 
array, but all the other sensors, despite their 
different chemistries, will have the same 

45 structure as one of these four sensors (14a, 
146, 14c, and 14<fl. The chip arrays of the 
invention will always include electrochemical 
sensors of the invention (such as those illus- 
trated as 14c and 14c0 and may also include 

so other sensors (such as those illustrated as 1 4a 
and 146). The following Table I is a list of 
intended measureable analytes and their corres- 
ponding sensor structures, i.e., whether they 
resemble sensor construction for sensors 14a, 

55 14/,, 14 C or respectively. The immobilised 
reagents for the various analytes under assay 
are also given. 
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TABLE I 



Anatyte 


tnryme /Substrate 


Meas ur emen t 


Type of 
Sensor 


Species 
Monitored 


I. Electrolytes 










Sodium (Na + ) 




p 


14c 




Potassium (K + ) 




p 


14c 




Lithium (Li ) 




A 


14a 




Calcium (Ca 2 *) 




p 


14c 




vUIWI lUo t 




P 

• 


I^C 




CO (fnf \ /WHO — A 




p 


i At-* 








P 

• 


inC 




II. Gases 










wxygen tp^ 2 / 




p 


IH3 








P 


l*tC 




dH 




• 


1 "TV 




fiClllUyiUUtll 


waidiy si / ncuox tvieQiaiur 


A 
M 


l*fa 




ML Substrates 










Glucose 


Glucose Oxidase* 


A 


14a 




Urea (BUN) 


Urease 


P 


14d 




Creatinine 


Creatinlnase 


P 


14d 




Uric Acid 


Urlcase 


A 


14a 




Cholesterol 


Cholesterol Oxidase 
(Cholesterol Hydrolase) 


A 


14a 




Lactic Acid 


LDH 


A 


14a 




Pyruvic 


LDH 


A 


14a 




Inorganic Phosphorus 


Alk. Phosphatase 


A 


14a 


O a ,H,O a 


Total Proteins 




p 


14d 


AG + 


Ascorbic Acid 




A 


14a 


direct 


Bilirubin 




A 


14a 


direct 


Triglycerides 


Lipase 


P 


14d " 


,pH 


Phenylalanine 


Decarboxylase 


P 


14d 


pCO a 


Tyrosine 


Decarboxylase 


P 


14d 


PCO a 
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Ansivts 


Measurement 
Enzy me /Subsiraie (*) 


Type of 
Sensor 


Species 
Monitored 


IV. Enzymes 










Lactic Dehydrogenase 

/ ru_i \ 

(DH) 


Lactate /Pyruvate 


A 


14b 


NAD /NADH 




Triglycerides 


A 


14b 


PH 


Mmyiase 




A 


14a 


H 3 0 2 


ononne esterase 


Acetylcholine 


P 


14d 


PH 


GOT 


MDH 


A 


14b 


NAD /NADH 


GPT 


LDH 


A 


14b 


NAD /NADH 


CPK 


Hexokinase G-6-PD 


A 


14b 


NADP /NADPH 


Alk. Phos. 


(Phenylphosphate and 
PUyphenyt-Oxidase) . 


A 


14a 


H 3 O a 


Acid Phos. 




A 


14a 


H 2 O a 



* P - Potentiometric Electrode Measurement. 
A - Ampermetric or Voltmetric Measurement. 

Referring to Figure 1 1, another embodiment 35 
of the integrated chip approach to analyte 
testing is shown. Chip 10 is replaced by a thin 
film sensor matrix 1 0a f which comprises 
sensors 1 4' having just the electrode structures, 
redox and calibration layers upon a common 40 
substrate. The enzyme layers are absent. 
Instead, the necessary enzymes for each sensor 
reaction are contained in a reaction cell or 
chamber 1 1 0. The enzymes are supported upon 
polymer beads 111 or hollow fibers, etc. The 45 
chamber 110 may also be constructed to 
contain a porous polymer for this purpose. 

The sample under analysis is introduced into 
chamber 1 10 (arrow 1 12) via conduit 1 13 and 
valve 114. The analytes of the sample each so 
respectively react with their specific enzyme, 
and are then discharged via valve 1 1 5 and 
conduit 116 to sensor matrix 10a. 

Each sensor 14' of matrix 10a will sense a 
particular analyte-enzyme reaction as before, 55 
i.e., some sensors 14' will measure current, 
some potential, and some kinetic rate differen- 
tials. 

After the sensors 14' have accomplished 
their analyses of the sample, the reaction cell $0 
100 and the matrix 10s are washed clean. A 
first wash liquid is introduced (arrow 121) into 
conduit 1 1 7 and enters chamber 1 10 via valve 
118. The wash is allowed to soak through 
beads 1 1 1 and is discharged (arrow 122) from 65 



the chamber 110 via valve 119 and conduit 
120. A second wash liquid is then introduced to 
chamber 110 via conduit 113 and valve 114. 
The second wash is forced through chamber 1 10 
and is continuously flushed through valve 1 1 5 
and conduit 116 to matrix 10a. The second 
wash will flow past matrix 10a cleaning sensors 
14',~and then discharges (arrow 123) from the 
matrix 10a via conduit 124. 

Naturally, the valves 1 1 4, 1 1 5, 1 1 8 and 1 1 9, 
are respectively opened and closed in proper 
sequence to accomplish the various sample and 
wash cycles. 

After the second wash, the next sample is 
introduced into the reaction cell, and the same 
procedure is followed. 

Rgures 12 — 14 illustrate a thin film 
integrated circuit incorporating sensors of the 
invention. Figure 12 shows an automatic 
continuous analysing system 130. A first 
continuous endless web 131 is stored and 
dispensed (arrow 133) from reel 132. The web 
131 travels past tensioning roller 134 toward a 
pair of pressure rollers 135. The first endless 
web 131 comprises discrete partial sensors 140 
disposed within a common substrate layer 136 
deposited on belt 131 as depicted in Figure 
13. Each partial sensor 140 is individually 
comprised of the necessary gel and polymer 
layers 141 common to the respective sensors 
14a, 146, 14c, 14d, of chip 10. The partial 
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sensors 1 40 are each sequentially disposed upon 
the common substrate 136, but rows 151 of 
various numbers of partial sensors 140 can be 
disposed transversely across web 131 as 
illustrated in Figure 14. 

A second continuous web 1 50 (Figure 12) is 
advanced (arrow 145) about a frame of rollers 
1 46, 1 47, 1 48, and 1 49, as shown. The second 
web 1 50 comprises the electrode structures 
(not shown) for the corresponding partial 
sensors 140 of belt 131. When the belts 131 
and 1 50 are advanced and married by pressure 
rollers 135, a series of completed sensors are 
formed with structures similar to the sensors 
14a, 146, 14c, etc. 

Prior to the completion of the full sensor 
structures by the pressure rollers 135, either 
web 131 or web 150 passes a sample 
dispenser 160. The dispenser 160 is preferably 
placed over the web 131 (solid lines) instead of 
web 150 (dotted lines). A drop of sample liquid 
is dispensed to each partial sensor 140, and 
permeates the various respective layers 141. 

When the electrodes of the web 1 50 merge 
with the sample impregnated enzyme layered 
sensor mediums 140, analytes of the sample 
will already be reacted. The various signals and 
information will be conveyed through the 
electrodes to an analyser 170 as both the 
merged webs 131 and 150 pass therethrough, 
as illustrated. 

At the rear of the analyser 1 70, the spent 
web 131 is discarded (arrow 169). The 
electrode web 1 50, however, may be passed by 
a wash or reconditioning station 168, and can 
be recycled. 

The web 131 may contain an identifying 
code 161 opposite each particular sensor or 
sensors 140. This code 161 will be read by the 
analyser 170 to properly record the analysed 
data. 

Referring to Figure 9, a testing circuit for the 
enzyme sensor 14b of Figure lb is illustrated. 
The auxiliary electrode 80 and the reference 
electrode 83a will form part of a potential 
stabilising feedback loop 180 for controlling the 
voltage between these electrodes. The loop 180 
comprises an amplifier 181, which receives an 
input voltage V, n . The applied voltage is sensed 
at the generating electrode 82. Amplifier 181 
supplies the current to the generating electrode 
82 via the auxiliary or counter electrode 80. 

The sensing electrode 84 is voltage biased at 
amplifier 182 by V in , and the current is 
monitored by the amplifier. 

The voltage V 8 sensed from the generating 
electrode is given as: 

V s = V in - V Ref 

The voltage V a applied to the sensing 
electrode 84 is given as: 

V 9 = V ln + V, n ' - V Ref 



Referring to Figures 10 and 10a, a schematic 
of the computer configuration for analyser 30 of 
Figures 3 and 3a is illustrated. 

The computer is under the controi of the 
central processor (CPU) 205, which derives its 
instructions from a stored programme in 
memory 206, which also contains calibration 
data for adjusting the processed signals, and 
stores data in working and permanent storage. 
The processor 205 does all the arithmetic 
calculations and processing of the sensor 
signals. The sensor signals are fed from chip 1 0 
into the analyser 30 via connectors 28 (Figure 
3). After an initial conditioning of the signals 
201, they are multiplexed by multiplexer 200, 
and then converted to digital form by the 
analog-to-digital converter 202. When a 
particular key 35 (Figure 3) of keyboard 32 is 
depressed, the key calls for a specific analyte 
analysis or other appropriate programmed 
sequence via the process coder 203. The appro- 
priate signal from chip 1 0 is then processed by 
the CPU. The processed signal may then be 
displayed by display 33 and/or a hard copy 
made by the printer 34. All the signals are 
properly called up, processed and read under 
the guidance of the process coder 203. Where 
desired, an optional set of dlgital-to-analog 
converters 207a — 207z will provide an analog 
input for other peripheral devices. Also, a 
communication interface 209 can be provided 
for talking to another computer device, such as 
a master computer at a data centre. 

Figure 10a depicts the signal conditioning for 
signals from a typical sensor 14. The signals 
from sensor 14 are J amplified, biased, and 
calibrated via the differential amplifier 210 and 
calibrator controls 211. Then the output 201 
from the amplifier 210 is fed to one of the 
inputs (1 to n) of multiplexer 200. The 
multiplexed signals are fed to the analog/digital 
converter 202, as aforementioned. 

The various techniques for constructing the 
integrated circuit chip are well known to the 
practitioners of the electrical arts, but a better 
understanding of the techniques expressed 
herein may be obtained with reference to: LI. 
Maissel and R. Glang; Handbook of Thin Film 
Technology; McGraw-Hill Book Co.; Copyright 
1970. 

Claims 

1 . An electrochemical sensor for use in the 
analysis of an analyte in a liquid sample (13). 
the sensor comprising at least a first and second 
electrode and means (20) for mounting the said 
electrodes in spaced relationship, the first 
electrode (95a; 105b) being electrically 
connected with a first layer (91a; 104b) of 
permeable material which contains a given con- 
centration of the species to be measured, and 
the second electrode (95b; 105a) being 
electrically connected with a second layer (9 1 b; 
104a) of permeable material which is accessible 
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to the speeies to be measured as derived from 
the liquid sample characterised in that the 
second layer (91b or 104a) is either free from 
the said species or contains a concentration 
thereof different from that in the first layer. 

2. A sensor according to claim 1, charac- 
terised in that the first and second electrodes 
(95a, b; 105a, b) are mounted on a common 
support (20) of electrically insulating material. 

3. A sensor according to claim 1 or 2, 
characterised in that the second permeable 
layer (91b; 104a) is spaced between the second 
electrode (95b; 105a) and a permeable external 
face (12c) of the sensor on which in use the 
liquid sample (13) to be analysed is placed. 

4. A sensor according to claim 3, 
characterised In that one or more further layers 
(90, 92b, 93b. or 102a, 101a, 103a. 100,) of 
permeable material are interposed between the 
said second layer (91b; 104a) and the second 
electrode (95b; 105a), and/or between the said 
second layer and the said external face (12c), 
wherein one or more of said further layers (1 00 
or 90) between the second layer and the 
external face, are selectively permeable by the 
analyte to separate said analyte from liquid 
sample (13), and one or more of said further 
layers (101a) between the second layer and the 
second electrode contain substances for 
converting analyte into the species to be 
measured. 

5. Apparatus for simultaneously analysing a 
multiplicity of analytes in a fluid sample, the 
apparatus comprising an array of discrete, 
electrically isolated electrochemical sensors 
(14) for analysing different analytes, alP the 
sensors being supported on a common 
substrate (20), and electrical circuitry (24) for 
obtaining the signal(s) from each sensor, 
characterised in tnat at least one of the sensors 
(14) is as claimed in any of claims 1 to 4. 

6. Apparatus according to claim 5, 
characterised in that the electrical circuitry (24) 
comprises electrical conductors (25) supported 
on said substrate (20), said conductors 
extending from respective sensors (14) to one 
or more connectors (27) at the periphery of said 
substrate. 

7. Apparatus according to claim 6, 
characterised in that the electrical conductors 
(25) have been printed on said substrate (20). 

8. Apparatus according to claim "7, 
characterised in that some of said sensors (14) 
comprise printed electrodes deposited on said 
substrate in electrical continuity with respective 
conductors. 

9. Apparatus according to claim 6, 7, or 8, 
characterised in that the or each connector (27) 
is adapted to be received in a snap-fit receiver 
(28) of an analysing means (30) responsive to at 
least selective ones of said sensors (14). 

1 0. Apparatus according to any of claims 1 
to 9, characterised in that at least one of the 
electrodes (95a, b; 105a, b) is of carbon. 

1 1. Apparatus according to any of claims 1 



to 10, characterised in that the substrate (20) is 
of pressed alumina powder. 

12. Apparatus for use in analysing a 
multiplicity of analytes in a fluid sample (13). 

5 comprising a plurality of discrete, electrically 
isolated sensors in accordance with claim 1 
adapted to receive reaction products, said 
sensors (14) being supported on a common 
substrate, each of said sensors being specific to 

w a particular reaction product, characterised by a 
reaction cell (110) for selectively reacting 
particular constituents in a liqud sample to form 
said reaction products with each of said con- 
stituents. 

75 13. Apparatus according to any of claims 5 

to 9, which includes in addition to the sensors 
(14c, 14d) in accordance with claim 1, one or 
more further electrochemical sensors (14a, 
14b) characterised in that the said further 

20 sensors include a sensor (14b) for measuring 
enzyme analytes which comprises a generating 
electrode (82), a monitoring electrode (84) and 
a reaction medium (81) disposed therebetween 
and containing the enzyme substrate and a co- 

25 enzyme for supporting a reaction of the enzyme 
being analysed, the generating electrode being 
such that it can be supplied with constant 
current to provide electrochemically in said 
medium a controlled rate of formation of a 

30 reactant of said enzyme reaction, and the 
monitoring electrode being such that during 
said enzyme reaction as the said reactant is 
consumed, it measures the net generation rate 
of the reactant in the medium. 

35 14. Apparatus according to any of claims 5 

to 9 or 12, characterised in that each said 
sensors have been formed by pressing into 
contact a first web (131) comprising a plurality 
of partial sensors (140), and a second web (1 50) 

^0 comprising a corresponding plurality of 
electrode structures, to form plurality of discrete 
electrically isolated sensors comprising sensors 
in accordance with claim 1 . 

Revendications 

45 

1. Capteur Electrochimique destine 3 etre 
utilise pour I'anaiyse d'un composant dans un 
Echantillon de liquide (13), ie capteur 
comportant au moins une premiEre et tine 

so seconde Electrodes et des moyens (20) pour 
monter lesdites Electrodes £ distance Tune de 
I'autre, la premiere Electrode (95a; 105/)) Etant 
reliEe Electriquement £ une premiEre couche 
(91a; 104/>) en matEriau permEable qui contient 

55 une concentration donnEe du corps devant §tre 
mesurE, et la seconde Electrode (95b; 105a) 
Etant reliEe Electriquement £ une seconde 
couche (91Z>; 104a) de matEriau permEable et 
auxquelles peuvent avoir accEs le corps £ 

so mesurer tel qu'il est tirE de I'Echantillon de 
liquide, caractErisE en ce que la seconde couche 
(916 ou 104a) est soit dEpourvue dudit corps, 
soit contient une concentration de ce dernier 
diffErente de celle prEsente dans la premiere 

65 couche. 
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2. Capteur selon la revendication 1, carac- 
terise en ce que ies premiere et seconde 
electrodes (95a, 6; 105a, 6) sont morttee sur un 
support eornrnun (20) en un rr.atdriau 
electriquement isolant. 

3. Capteur selon Tune des revendications 1 
ou 2, caracterise en ce que la seconde couche 
permeable (916; 104a) est montee a distance 
entre la seconde Electrode (956; 105a) et une 
face exterieure permeable (12c) du capteur sur 
lequel, en cours d'utilisation, I'echantiilon de 
liquide (13) devant §tre analyse est dispose. 

4. Capteur selon la revendication 3, 
caracterise en ce qu'une ou plusieurs couches 
(90, 926, 936 ou 102a, 101a, 103a, 100) de 
materiau permeable sont interposees entre la 
seconde couche (916; 104a) et la seconde 
electrode (956; 105a) et/ou entre la seconde 
couche et ladite face exteneure (12c), une ou 
plusieurs desdites autres couches (100 ou 90), 
situees entre la seconde couche et la face 
exterieure, pouvant etre traversees de facon 
selective par !e composant de maniere a 
permettre une separation dudit composant de 
I'echantiilon de liquide (13), et une ou plusieurs 
desdites autres couches (101a), situees entre la 
seconde couche et la seconde electrode, 
contenant des substances pour transformer le 
composant en le corps devant etre mesure. _ - 

5. Appareil pour r6aiiser I'analyse simuitane'e 
d'une multiplicity de composants dans un 
echantillon de fluides, I'appareil comportant un 
reseau de capteurs etectrochimiques dlscrets 
(14) isoies electriquement pour analyser 
differents composants, tous Ies capteurs 6tant 
portes par un substrat commun (20), et un 
circuit electrique (24) permettant d'obtenir le ou 
Ies signaux de la part de , chaque capteur, 
caracterise en ce qu'au moins Tun des capteurs 
(14) est tel que revendiqu6 dans Tune 
quelconque des revendications 1 a 4. 

6. Appareil selon la revendication. 5^ caracterise 
en ce que le circuit electrique (24) comporte 
des conducteurs eiectriques (25) port6s par 
iedit substrat (20) r iesdits conducteurs s'eten- 
dant depuis des capteurs respectifs (14) vers 
un ou plusieurs connecteurs (27) situ6s sur le 
pou rtou r dudit substrat. 

7. Appareil selon la revendication 6, 
caracterise en ce que Ies conducteurs 
eiectriques (25) ont et§ imprimis sur Iedit 
substrat (20). 

8. Appareil selon la revendication 7, 
caracterise en ce que certains des capteurs (14) 
comportent des electrodes imprimees d£posees 
sur Iedit substrate et 6tablissant une continuity 
electrique avec Ies conducteurs respectifs. 

9. Appareil selon la revendication 6, 7 ou 8, 
caracterise en ce que le ou chaque connecteur 
(27) peut etre loge dans un logement (28) a 
enciiquetage brusque d'un dispositif analyseur 
(30) en reponse a au moins certains capteurs 
selectifs desdits capteurs (14). 

10. Appareil selon Tune quelconque des 
revendications 1 a 9, caracterise en ce qu'au 



moins I'une des electrodes (95a, b; 105a, 6) est 
encarbone. 

11. Appareil selon I'une quelconque des 
ravendicaticns 15 10, caracterise sn cs qus Is 

5 substrat (20) est constitue par de la poudre 
d'alumine comprime. 

12. Appareil destine a §tre utilise pour 
I'analyse d'une multiplicite de composants dans 
un echantillon de fluide (13), comportant 

/o plusieurs capteurs discrets isoies electrique- 
ment conformement a la revendication 1 , aptes 
a recevoir des produits de reaction, Iesdits 
capteurs (14') etant portes par un substrat 
commun et chacun d'eux etant specifique £ un 

is produit de reaction particulier, caracterise par 
une cellule reactionnelle (110) permettant de 
faire reagir selectivement des constituants 
particuliers dans un echantillon de liquide pour 
former Iesdits produits de reaction avec chacun 

20 desdits constituants. 

13. Appareil selon Tune quelconque des 
revendications 5 d 9 incluant, en plus des 
capteurs (14c, 14d) conformement a la re- 
vendication 1, un ou plusieurs autres capteurs 

25 eiectrochlmiques (14a, 146), caracterise en ce 
que Ies autres capteurs comprennent un capteur 
(146} pour la mesure de composants 
enzymatiques qui comporte une electrode 
generatrice (82), une electrode de contrdle (84) 

30 et un rnjlieu reajitionnel (81) interpose entre. 
ces electrodes T~ et contenant le substrat 
enzymatiques et un co-enzyme, pour favoriser 
une reaction de Tenzyme analyse, reiectrode 
generatrice etant telle qu'elle peut etre 

35 allment6e par un courant constant de maniere e 
fournfr par voie eiectrochimique, dans Iedit 
milieu, une vitesse commandee de formation 
d'un ' corps en reaction de ladite reaction 
enzymatique, et reiectrode de contrdle etant 

40 telle que pendant ladite reaction enzymatique, 
lorsque le corps en reaction est consomme, elie 
mesure la vitesse nette de production du corps 
en reaction. 

14. Appareil selon rune quelconque aes 
45 revendications 5 a 9 ou 12, caracterise en ce 

que chacun desdits capteurs a ete forme par 
compression en contact avec une premiere 
bande (131) comportant une pluraiite de 
capteurs partiels (140), et une seconde bande 
so (150) comportant une pluraiite correspond ante 
de structures d'6lectrodes pour former plusieurs 
capteurs discrets isoies electriquement, 
comprenant des capteurs conformes a la 
revendication 1. 

55 

Patents nspruche 

1. Elektrochemischer Sensor zur Verwen- 
dung bei der Analyse eines zu analysierenden 
Bestandteils in einer Flussigkeitsprobe (13), be- 
stehend aus mindestens einer ersten und einer 
zweiten Elektrode sowie Mitteln (20) zum Mon- 
tieren der Elektroden im Abstand voneinander, 
wobei die erste Elektrode (95a; 105b) elektrisch 
mit einer ersten Schicht (91a; 104b) aus 
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durchlassigem Material, das sine gegebene 
Konzentration des zu messenden Bestandteils 
enthalt, und die zweite Elektrode (955; 105a) 
elektrisch .-nit einer zweiten Schicht {9 1 b; 104a} 
aus durchlassigem Material, das fur den zu 
messenden Bestandteil aus der Flussigkeits- 
probe zuganglich ist, verbunden ist, dadurch 
gakennzeichnet, daC die zweite Schicht (91b 
Oder 104a) entweder frei von dem Bestandteil 
ist oder davon eine Konzentration enthalt, die 
sich von der Konzentration in der ersten Schicht 
unterscheidet. 

2. Sensor gemaR Anspruch 1, dadurch 
gekennzeichnet, dafi die erste und zweite Elek- 
trode (95a, b; 105a. b) auf einem gemeinsamen 
Trager (20) aus elektrisch isolierendem Material 
montiert sind. 

3. Sensor gemaS Anspruch 1 oder 2, dadurch 
gekennzeichnet, da& die zweite durchlassige 
Schicht (91b; 104a) zwischen der zweiten Elek- 
trode {95b; 105a) und einer durchlassigen 
Su&eren Rache (12c) des Sensors, auf die 
w§hrend des Betriebes die zu analysierende 
Flussigkeitsprobe (13) aufgebracht wird, jeweils 
im Abstand angeordnet ist. 

4. Sensor gemafc Anspruch 3, dadurch 
gekennzeichnet dafc zwischen der zweiten 
Schicht {91b; 104a) und der zweiten Elektrode 
(95b; 105a) und bzw. oder zwischen der 
zweiten Schicht und der AuSenflache (12c) eine 
oder mehrere weitere Schichten (90, 92b, 93b 
oder 102a, 101a, 103a, 100) aus durchlas- 
sigem Material angeordnet sind, wobei eine 
oder mehrere der weiteren Schichten {100 oder 
90) zwischen der zweiten Schicht und der 
AuSenfiache selektive fur den nach- 
zuweisenden oder zu bestimmenden Bestand- 
teil durchlassig sind, um den nachzuweisenden 
Oder zu bestimmenden Bestandteil von der 
Flussigkeitsprobe (13) abzutrennen, und eine 
oder mehrere der weiteren Schichten (101a) 
zwischen der zweiten Schicht und der zweiten 
Elektrode Substanzen zum Oberfuhren des 
nachzuweisenden oder zu bestimmenden 
Bestandteiles in einen zu messenden Stoff ent- 
halten. 

5. Vorrichtung zum gleichzeitigen Nachweis 
bzw. zur gleichzeitigen Bestimmung einer Mehr- 
zahl von Bestandteilen in einer Flussigkeits- 
probe, bestehend aus einer Reihe diskreter, 
elektrisch isoiierter elektrochemischer Sensoren 
(14) zum Nachweis oder zur Bestimmung unter- 
schiedlicher nachzuweisender oder zu be- 
stimmender Bestandteile, wobei samtiiche Sen- 
soren von einem gemeinsamen Tragersubstrat 
(20) gehaltert sind, sowie aus einem elek- 
trischen Schaltungsaufbau (24) zum Erzielen 
eines Signals bzw. von Signalen von iedem 
Sensor, dadurch gekennzeichnet, defc min- 
destens einer der Sensoren (14) ein solcher 
gemaS einem der Anspruche 1 bis 4 ist. 

6. Vorrichtung gemaS Anspruch 5, da- 
durch gekennzeichnet, daS der elektrische 
Schaltungsaufbau (24) elektrische Leiter (25) 
umfa&t. die auf dem Tragersubstrat (20) ge- 



, haltert sind und die sich von den ent- 
sprechenden Sensoren (14) zu einem oder 
mehreren Anschlussen (27) im AuGenbereich 
^es Substrates erstrecken. 
5 7. Vorrichtung gemaG Anspruch 6, dadurch 

gekennzeichnet, daS die elektrischen Leiter (25) 
auf das Tragersubstrat (20) aufgedruckt sind. 

8. Vorrichtung gemaG Anspruch 7, dadurch 
gekennzeichnet, daG einige der Sensoren (14) 

w gedruckte Elektroden enthalten, die auf das 
Tragersubstrat in elektrischer Kontinuitat mit 
den entsprechenden Leitem abgeschieden sind 

9. Vorrichtung gemaG Anspruch 6, 7 oder 8 
dadurch gekennzeichnet, daS jeder AnschluG 

ts (27) derart eingerichtet ist, daG er in einen 
Schnappstecker (28) einer Analysiervorrich- 
tung (39) pafct, die auf mindestens ausge- 
wahlte Sensoren (14) anspricht. 

10. Vorrichtung gemaG einem der Anspruche 
20 1 bis 9, dadurch gekennzeichnet, daG min- 
destens eine der Elektroden {95a, b; 105a b) 
aus Kohlenstoff besteht. 

11. Vorrichtung gemaG einem der Anspruche 
1 bis 10, dadurch gekennzeichnet, daG das 

25 Halterungssubstrat (20) aus gepreGtem 
Aluminiumoxid-Pulver besteht. 

12. Vorrichtung zum Nachweis oder zur Be- 
stimmung einer Vielzahl von nachzuweisenden 
oder zu bestimmenden Bestandteilen in einer 

30 Flussigkeitsprobe (13), bestehend aus einer 
Vielzahl diskreter, elektrisch isoiierter Sensoren 
gemaG Anspruch 1 , die Reaktipnsprodukte auf- 
nehmen und die (14') auf einem gemeinsamen 
Tragersubstrat gehaltert sind, wobei jeder 

35 Sensor spezifisch hinsichtlich eines bestimmten 
Reaktionsproduktes Ist, gekennzeichnet durch 
eine Reaktionszelie (1 10) zur selektiven Umset- 
zung bestimmter Bestandteile in einer Flussig- 
keitsprobe unter Ausbildung der Reaktions- 

*o produkte mit jedem dieser Bestandteile. 

1 3. Vorrichtung gemaS einem der Anspruche 
5 bis 9, die zusatzlich zu den Sensoren {14c, 
14d) gemaG Anspruch 1 einen oder mehrere 
weitere elektrochemische Sensoren (14a, 14b) 

45 enthalt, dadurch gekennzeichnet, daG die 
weiteren Sensoren einen Sensor (14b) zum 
Messen von Enzymbestandteiien enthalten, der 
aus einer erzeugenden Elektrode (82). einer 
Uberwachungselektrode (84) sowie einem da- 

50 zwischen angeordneten und das Enzymsubstrat 
und ein Koenzym enthaitenden Reaktions- 
medium (81) zur Unterhaltung eirier Reaktion 
des zu messenden Enzyms besteht, wobei die 
erzeugende Elektrode derart ausgebildet ist, daG 

55 sie mit konstantem Strom versorgt werden 
kann, um in dem Medium elektrochemisch eine 
gesteuerte Bildungsgeschwindigkeit eines 
Reaktionsteilnehmers der Enzymreaktion zu be- 
wirken, und die Oberwachungselektrode derart 

60 ausgebildet ist. daG sie wahrend der Enzym- 
reaktion in dem MaGe, wie der Reaktions- 
teilnehmer verbraucht wird, die Nettoer- 
zeugungsgeschwindigkeit des Reaktionsteil- 
nehmers in dem Medium, miGt. 

65 1 4. Vorrichtung gemSG einem der Anspruche 
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5 bis 9 oder 1 2, dadurch gekennzeichnet, daS 
jeder der Sensoren dadurch gebildet worden ist, 
daS man ein erstes Gewebe (131) aus einer 
Anzahl vers Tsilsensorsr. (140) und ein zwestes 
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Gewebe (1 50) aus einer entsprechenden Anzahl 
von Elektrodenstrukturen zu einer Anzahl 
diskreter, elektrisch isolierter Sensoren gemaS 
Anspruch 1 zusammenpreSt 
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